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METHOD OF PRODUCING A BURIED BOSS 
DIAPHRAGM STRUCTURE IN SILICON 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to the micromachining of silicon 
structures in general and to the manufacture of a buried boss 
or stiffener structure associated With a pressure sensor 

diaphragm in particular. 
2. Description of the Prior Art 
Many micromechanical silicon devices are noW Well 

knoWn, including sensors for sensing force, pressure, 
acceleration, chemical concentration, etc. Such devices are 
termed “micromechanical” because of their small dimen 
sions on the order of a feW millimeters square. Such siZes are 
achieved by utiliZing a photolithographic technique similar 
to that employed in the fabrication of integrated circuits. 
Silicon Wafers Well knoWn in the integrated circuit technol 
ogy can also be used for micromachined structural elements 
and have the advantage that additional control or sensing 
electronic circuitry can be formed in conjunction With the 
structure providing the sensing, in order to process the 
resultant electrical signal. 

Micromachined silicon is Well knoWn in a number of 
different applications. Many operational devices depend 
upon the ?exing of a thin area of silicon Which connects 
relatively thicker areas of silicon, the so-called “boss” areas. 
For example, in a pressure transducer, there may be a large, 
relatively stiff, silicon diaphragm boss bounded by a thin, 
relatively ?exible, area along its periphery Which permits the 
diaphragm to move and the thin area to ?ex depending upon 
pressure differentials on the sides of the diaphragm. A 
detailed discussion of the use of relatively thin ?exure areas 
and relatively thick boss areas for pressure or other type 
silicon sensors is contained in “LoW Pressure Sensors 
Employing Bossed Diaphragms and Precision Etch 
Stopping” by Mallon, Barth, Pourahmadi, Vermeulen, 
Petersen and BryZek presented on Jun. 25, 1989 at the 
International Conference on Solid State Sensors and Actua 
tors in Montreux, SWitZerland, herein incorporated by ref 
erence. 

A schematic of a conventional pressure transducer dia 
phragm is shoWn in FIG. 1, Wherein an upper silicon 
substrate 10 is fusion bonded to a loWer substrate 12 in a 
vacuum. A cavity 14 forms a chamber Which can provide for 
the maintenance of a vacuum on one side of diaphragm 16 
With external pressure being present on the other side of the 
diaphragm. Alternatively, a differential pressure sensor 
could be provided by conducting one pressure to the cavity 
and conducting a second pressure to the external area of the 
diaphragm. An accelerometer could also be provided by 
utiliZing a ?xed Weight mass on the diaphragm With suffi 
cient apertures in the loWer substrate 12 so as to prevent any 
pressure differential across the diaphragm. 

In the pressure transducer illustrated in FIG. 1, the dia 
phragm is maintained in an essentially planar form by the 
use of an increased thickness x extending across the area of 
the diaphragm. HoWever, in order to concentrate the stress 
created by de?ection of the diaphragm, narroW grooves form 
?exures 18. As the diaphragm de?ects from its initial 
position to a de?ected position (shoWn in dotted line form) 
a uniaxial stress is created and concentrated in a direction 
parallel to the Width of the groove. 

As is discussed in US. Pat. No. 4,904,978 to Barth et al, 
a pieZoresistive area can be provided in the vicinity of the 
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?exure Which Will sense the level of stress at the ?exure, 
thereby providing an electrical indication of pressure on the 
diaphragm. The utiliZation of the thickened portion of the 
diaphragm (relative to the thin ?exure portion) or “boss” 
structure serves to insure not only uniaxial stress in the 
?exure but also a relatively linear response to pressure 
changes on the diaphragm and avoids deformation of the 
diaphragm itself by limiting its displacement. 

In the past, such thin ?exures have been created as a result 
of a boss or reinforcement structure being buried or created 
in the areas Where the thickened structure is desirable, i.e. 
diaphragm 16 and the boss 20 betWeen ?exures 18. Such a 
method is illustrated in FIGS. 2a through 2c Where a 
substrate of p-type doped silicon 30 is provided. A deep 
diffusion of n-type impurities is provided Which extends to 
a depth of x Which may be 10 to 20 pm (17 pm in a preferred 
embodiment). This depth is equal to the desired thickness of 
the resultant boss or diaphragm structure. 

A second, shalloWer and more general n-type diffusion is 
made as shoWn in FIG. 2b to a depth of y Which Will be the 
thickness in the ?exure region Which in a preferred embodi 
ment may be 5 pm. The ?nal step is utiliZation of an etchant 
process (such as electrochemical-potassium hydroxide 
(KOH) etching) Which Will selectively etch the p-type 
material Which provides the resultant structure shoWn in 
FIG. 2c Where the bosses have a thickness of x and the 
?exure areas have a thickness of y. 

Aproblem existing in the creation of the thin ?exure areas 
by a generaliZed or shalloW n-type diffusion is that such a 
diffusion naturally leads to a non-uniform dopant concen 
tration in the ?exure. Obviously, there Will be a very high 
concentration of n-type dopants at the surface but this 
concentration decreases as the depth beloW the surface 
increases. As the depth y is approached, the n-type dopant 
concentration in the ?exures 18 Will also vary at different 
lateral positions having the same depth beloW the surface of 
the substrate. The consequence is that When the p-type 
material is etched aWay, the boundary betWeen the p-type 
and n-type dopants in the silicon substrate is not at a uniform 
depth and differing thicknesses of the ?exure material Will 
be present at different lateral locations. 
Where the resultant thickness of the boss is on the order 

of 17 to 20 microns, a variation of perhaps 0.5 microns has 
very little effect. 

HoWever, Where the thickness of a ?exure area is S 
microns or less, a variation in thickness of 0.5 microns 
represents a change of at least 10% or higher. Consequently 
variations in thickness of the ?exure areas Will result in 
non-linearities in the performance of the sensor product. 

SUMMARY OF THE INVENTION 

In vieW of the above and other difficulties associated With 
the conventional method of providing structural reinforce 
ment to ?exure areas, it is an object of the present invention 
to provide a uniform thickness for ?exure areas of uniform 
dopant concentration in conjunction With the generation of 
buried boss structures. 

It is a further object of the present invention to provide a 
sharp delineation betWeen n and p-type materials to permit 
close control of ?exure thickness. 

It is a still further object of the present invention to 
provide a process for precise control of ?exure thickness 
When machining structural ?exure elements in doped sili 
con. 

The above and other objects are achieved by providing an 
initial deep diffusion of n-type impurities to form the boss 
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structures and then providing an epitaXially grown area of 
n-type dopant silicon over the p-type substrate of a thickness 
equal to the desired ?eXure thickness. The use of an epi 
taXially groWn layer provides an n-type dopant atom distri 
bution Which is much more uniform than a surface diffused 
n-type doped silicon layer and has a sharp change in dopant 
concentration at the junction betWeen the n and p-type 
materials. The ability to precisely control thickness of the 
epitaXially groWn layer alloWs for a high degree of control 
of the thickness of the layer Which Will become the ?eXure 
portion of the diaphragm. 

BRIEF DESCRIPTION OF THE 
ACCOMPANYING DRAWINGS 

Other objects and features of the invention Will become 
apparent to those of ordinary skill in the art by reference to 
the folloWing Figures Wherein: 

FIG. 1 is a side vieW partially in section illustrating the 
operation of a prior art micromachined silicon diaphragm; 

FIGS. 2a through 2c illustrate the prior art steps in 
constructing a buried boss and thin ?eXure region in micro 
machined silicon; and 

FIGS. 3a through 3c illustrate the present inventive steps 
for providing a buried boss and a thin ?eXure area in 
micromachined silicon. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring noW to the draWings Wherein similar reference 
numbers indicate similar structures among the several 
vieWs, FIGS. 3a through 3c illustrate the steps of the present 
invention. 

As shoWn in FIG. 3a, the ?rst process step is similar to the 
?rst step of the prior art shoWn in FIG. 2a, ie a deep 
diffusion of n-type impurities to form the initial boss struc 
ture. HoWever, the depth of the diffusion in the prior art step 
shoWn in FIG. 2a is equal to the ?nal thickness of the boss 
structure. In FIG. 3a, the depth of the diffusion is equal to 
the ?nal thickness minus the thickness of the ?eXure area (X 
minus y). This implies that a loWer temperature or less time, 
necessary for this process step, is an advantage. 

After the initial diffusion, a layer 32 of n-type material is 
epitaXially groWn over the surface of the p-type substrate to 
a thickness y, equal to the desired ?eXure thickness. The 
third step 3c is similar to FIG. 2c of the prior art in that the 
p-type substrate material is etched aWay by a suitable p-type 
etchant leaving a boss 20 having a thickness of X and a 
?eXure area 18 having a thickness of y. 

Although in a preferred embodiment, X equals 17 microns 
and y equals 5 microns, different structural characteristics 
Will require different structural thicknesses. In a preferred 
embodiment, the starting material Was p-type boron doped 
(100) silicon With a resistivity of 4—6 ohm-cm. The deep 
diffusion n-type material in the region of the boss structure 
Was made by ion implantation of IE15 phosphorus ions at an 
energy of 160 KeV using a patterned silicon dioXide mask 
of 1 pm thickness. It should be noted that the lateral 
dimensions of the mask must be siZed to compensate for 
lateral diffusion effects folloWing the anneal process. 
As is conventional in the industry after high energy 

implantation, in order to eliminate crystal lattice structure 
defects and to diffuse the dopants to the proper depth, an 
annealing step is included. In a preferred embodiment, the 
p-type substrate Was ?rst oXidiZed for 60 minutes at 1000° 
C. in steam and then annealed in nitrogen for 16 hours at 
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1175° C. The oXidation step differentially oXidiZes the doped 
boss regions, thus creating a visible pattern to Which the 
stress-sensing pieZoresistors may be later aligned. 
The epitaXially groWn layer comprises phosphorus doped 

silicon With a resistivity of 0.6—1.0 ohm-cm groWn using a 
knoWn high temperature single-Wafer atmospheric pressure 
epitaXial reactor process. This process reduces the interdif 
fusion of dopants at the substrate-epitaXy interface, and 
other detrimental effects such as autodoping, etc. 
As Will be knoWn to those of ordinary skill in the art in 

vieW of the discussion and the appended Figures, many 
modi?cations and variations of the above process Will be 
obvious. Additionally, the process and its variations Will 
have bene?t in ant situation Where precise thickness control 
is desirable in machining silicon having variable thick 
nesses. While this is especially true in diaphragm machining 
for pressure sensor applications, it is also applicable to 
?eXure machining for accelerometers and other silicon based 
structures. 

Therefore, and in accordance With the above, the present 
invention is limited not by the speci?c eXamples and pre 
ferred embodiments discussed above, but rather only by the 
claims appended hereto. 
What is claimed is: 
1. A process for forming silicon material having a boss 

section and a ?eXure section, said boss section thicker than 
said ?eXure section, said process comprising the steps of: 

providing a substrate of one type doped silicon material; 
diffusing another type dopant material into said sub 
strate so as to provide another type doped silicon 
material at a depth (X-y) from a surface of said one type 
doped silicon material, said diffusing located only in 
the regions of the boss section, Where X is the boss 
section thickness and y is the ?eXure section thickness; 

epitaXially groWing a layer of said another type doped 
silicon on said substrate to said ?eXure section thick 
ness y over the surface of said substrate; and 

etching aWay one type doped silicon material With a one 
type doped silicon etchant leaving said boss section 
having a thickness X and said ?eXure section having a 
thickness y. 

2. A method of chemical machining of silicon material to 
provide a boss section joined by a ?eXure section from a 
substrate of p-type doped silicon material, said boss section 
thicker than said ?eXure section, said method comprising the 
steps of: 

diffusing n-type dopant material into said substrate so as 
to provide an n-type material at a depth (X-y) from a 
surface of the p-type material, said diffusing being 
provided only in the regions of the boss section, Where 
X is the boss section thickness and y is the ?eXure 
section thickness; 

epitaXially groWing a layer of n-type doped silicon on said 
substrate to said ?eXure section thickness y; and 

etching aWay p-type doped silicon material With a p-type 
doped silicon etchant leaving said boss section having 
a thickness X and said ?eXure section having a thick 
ness y. 

3. A method of chemical machining of silicon material in 
accordance With claim 2, Wherein said diffusing step com 
prises the steps of: 

implantation of n-type dopant ions in said substrate; and 
annealing said substrate so as to eliminate crystal lattice 

defects and to at least partially diffuse said dopant ions. 
4. A method of chemical machining of silicon material in 

accordance With claim 3, Wherein said diffusing step 
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includes, prior to said implantation step, the step of masking 
said substrate so as to prevent ion implantation in those areas 
of said ?exure section. 

5. A method of chemical machining of silicon material in 
accordance With claim 4, Wherein said substrate is boron 
doped silicon, Wherein said masking step includes providing 
a mask of silicon dioxide, said ion implantation step includes 
the step of implanting phosphorus ions. 

6. A method of chemical machining of silicon material in 
accordance With claim 2, Wherein said groWing step includes 
the step of epitaxially groWing phosphorus doped silicon. 

7. A method of chemical machining of silicon material in 
accordance With claim 6, Wherein said groWing step includes 
the step of epitaxially groWing phosphorus doped silicon 
having a resistivity of betWeen 0.6 to 1.0 ohms-cm. 

8. A method of chemical machining of silicon material in 
accordance With claim 2, Wherein said etching step includes 
the step of electrochemical etching said substrate With at 
least potassium hydroxide 

9. A method of chemical machining of silicon material in 
accordance With claim 5, Wherein said boron doped silicon 
material has a resistivity of betWeen 4—6 ohm-cm. 

10. A method of chemical machining of silicon material 
With a boss section joined by a ?exure section from a 
substrate of boron doped silicon material having a resistivity 
of from 4 to 6 ohms-cm, said boss section thicker than said 
?exure section, said method comprising the steps of: 
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(1) providing a mask of silicon dioxide on said substrate 

over said ?exure section; 

(2) diffusing phosphorus dopant material into said sub 
strate so as to provide a phosphorus doped silicon 

material at a depth (x-y) from a surface of the substrate, 
said diffusing being provided only in the regions of the 
boss section, Where x is the boss section thickness and 
y is the ?exure section thickness, said diffusing step 
including the steps of: 
implantation of phosphorus dopant ions in said sub 

strate; and 
annealing said substrate so as to eliminate crystal lattice 

defects and to at least partially diffuse said phospho 
rus dopant ions; 

(3) epitaxially groWing a layer of phosphorus doped 
silicon on said substrate to said ?exure section thick 
ness y over the surface of the boron doped silicon 
substrate and the areas of diffusion phosphorus doped 
silicon; and 

(4) etching aWay boron doped silicon material With a 
potassium hydroxide etchant leaving said boss section 
having a thickness x and said ?exure section having a 
thickness y. 


